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ABGTRACT

* The Ultra Light Honeycomb Program has determined that it is feasible to manu-

facture large, deep core sandwich construction panels.

system for titanium was developed by Aveco in an independent research program

and successfully used in the Ultra Light Honeycomb Program.

Data has been obtained from tests to verify and extend existing data to include
deep core sandwich construction.
modulus, and proportional limit shear stress.
specimens to be tested in edgewise compression, face wrinkling is the critical
mode of failure. An analytical method to determine the ultimate compressive
strength for local face wrinkling failure has been determined which closely
predicts the failing stress.
weight of the skirt structure of the S-II Stage of the Saturn V Missile, made
of deep core aluminum honeycomb with titanium skins, is 3048 1b, with an

ultimate load carrying capability of 9275 1b/inch of circumference.

A follow-on program mcdumnds additional feasibility investigation and testing.
The investigation and tests will include joint designs to attach the skirt
structure to the missile structure and the general instability mode of failure |
of large curved panels. A full scale cylinder structure will be designed and

tested. The end result of this program will be the design of a skirt structurc

A weight analysis shows that the approximate

of ultra light honeycomb caiistruction.

A modified bonding

This data is core shear strength, core shear

Analysis has shown that for the
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II. INTRODUCTION

A. PURPOSE OF PROGRAM |
The purpose of this development progran was as follows. One objective
was to prove that sandwich panels consisting of titanium skins bonded
to aluminum honeycomb core could be manufactured with reliability.
Another objective was to determine if the existing theoretical methods

' of analysis of sandwich design were applicable to thick-core sandwich
cylinders of large radii.

The ultimate goal of the tests was to furnish sufficient design data
from which the forward skirt structure of t.he.S-II stage of the Satumn

'V missile, or some future missile structure, could be designed and
manufactured with a weight savings over the conventianal skin-stringer
type structure.

'lhe following objectives of this program are discussed in SUMMARY OF
RESULTS AND CONCLUSIONS, page 2.3.0. '

1. Determine if presently available manufacturing capabilities are
sufficient to efficiently produce deep core sandwich panels that
are structurally sound. | ‘

2. Determine any materials handling problems that may be of special

- consequence in the consideration of this type of structure for
| large shell structures.
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Determine the limitations of present theory to predict failure

modes of deep. core honeycanb.

Detemine if deep core sandwich has deleterious size limitatims.'

Determine necessary quality control procedures and assess con-

sequences of their use on large structures.
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B. SCOPE OF WORK
To accomplish the task outlined in the cantract, the program was
divided into three phases. ‘

Phase I was a test program for which basic data was to be determined
concerning elemental fabrication, testing and evaluation of relatively
small specimens to substantiate and augment existing design and

fabrication data.

Phase II was a continuation of the evaluation of large bonded honey-
‘comb panels. Closeout techniques were developed, handling problems
were studied and joint design was evaluated, The characteristics of

deep honeycomb panels under static, d}namic and thermal loadings
were evaluated.

Phase III of the program consisted of making a 16 mm sound-color film
of the manufacture and testing of the specimens during the performance

of this program.

The main objective of the tests was to determine the ultimate edge-
wise compressive load that would produce a local instability mode of
failure in the panels, The flatwise compression and tension tests,
and the block shear tests, were performed to verify or complement
existing manufacturer's data of cores, adhesives and titanium skins,
These tests were designed to supply data that was needed in order to
calculate the theoretical ultimate strength of the panels. The ulti-

mate stress at failure was to be compared with theoretical predictions
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of ultimate stress based on the design data obtained from the sup-
plementary tests.. From these comparisans, a recommendation was to
be made as to which analytical technique showed the best correlation
with test results. The scatter of results to be expected upon
using this analytical tedmique was to be determined also.

The results of the test program were to be applied to the design of
the forward skirt structure of the S-II stage of the Saturn V missile,

A follow-on program that would provide additional needed data for a

‘more refined design was to be proposed. - This follow-on program was
~to be based on a careful evaluation of the results obtained from this

test program.
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C. SUMMARY OF RESULTS AND CONCLUSIONS

1.

Manufacturing Capabilities

The investigation showed that the problems associated with the
fabrication of deep core;sandwich cons;:ruction can be solved by
the techniques used in thin or tapered core sandwich structure.
The sandwich companents must be cut to size, prefitted, cleaned
and layed up as an as§emb1y into a bonding tool. This tool must
be made to the proper contour, and tolerances must be held so that
during the bonding process, crushing of the core does not take
place. The curing of the assembly is accomplished in an autoclave
in which pressurc is applied to the part to hold the assembly in
cmtact with the banding tool. A controlled temperaturc'cycle
accoamplishes thé cure of the adhesive. The Skirt Structure of

the S-1I Stage will be manufactured in segments. Any inserts

that might be needed will be bonded into place during the primary
bonding cycle. The segments will be joined together either by

a secmdaﬁ bond process or by mechanical fasteners.

The only manufacturing problems which were encountered in this

program were associated with the titanium skins.

(ne problem encountered was that of obtaining a good bond between
the titanium skins and the aluminum honcycomb core. A tcclmiqué
of cleaning and priming to bond the titanium skins was devcjloped
by Avco during an independent development program. This techxiique
provides a bond that is sufficient to develop the required struc-

tural nronerties of the core o
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Ani)ther pfoblem was the procurement of thin titanium skins in
the heat treated and aged coxidition. The vewdor for titaniwn
skins had to "hand make" cach skin. This 'by hand" process was
dgpeudent on operator skill and technique and was very expensive
and required a long procurement time. A large structure such as
the Saturn V, S-II forward skirt will requirc large quantities
of titanium skin. This "hand made" method of manufacture is
obviously not acceptable for the manufacture of large structures.

- The titanium manufacturers, however, arc presently installing
new rolling and materials handling equipment which should -
alleviate this problen.

2. Materials Handling

The handling of materials to manufacture deep core sandwich -
structure is within the prescnt state-of-the-art. (ne possible
difficulty may arise in the event that the design specifies that
there be chemical-milling of titanium skins that are larger than
can be accomodated by existing facilities.

The cleaning of large pancls will also be dependent upon the
size of existing facilities; however, the construction of tanks
for the cleaning will not be as critical as that for chemical-

milling.

. H
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3.

The size of the bonded panels will have to be controlled in the
original design so that the sandwich construction segments and the
bonding tool or fixtures will fit within the autoclave for curing.

Limitation of Present Theory
The test results are tabulated in Appendix A of this report.

The edgewise compression tests specimens all failed in the face
wrinkling mode. The average failing stress for Phase I specimens
was 89,605 pounds per square inch and the average failing stress
for Phase II specimen; was 113,304 pounds per square inch., A
modified bonding system was used on the specimens fabricated for
the Phase II tests. '

The equation shown below was chosen to be the analytical technique
which showed the closest correlation with the test results of
specimens which failed by a local face wrinkling mode.

0.33 JEEC

tcc
c -
2
cr 1+1.39 (Ech/Eth) (w/tf)

where:
o.. = Critical Buckling Stress, psi
E, = Tangent Modulus of face material, psi
Ec = Compressive Modulus of core, psi
G. = Shear Modulus of core, psi
Fg = Flatwise core to skin .tension strength or crush .

strength (whichever is least), psi
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S ’

~w = Waviness, inches

tg = Face thickness, inches ‘
This equation was taken from Reference 1. The constant was
changed from 0.91 to 0.38 which made the test values and the
predicted values correlated much better. Also, in Reference 1,
the modulus of elasticity of the face sheets appeared in the
equation. It was determined that the use of the tangent modulus
in its place was more judicious., However, for the fange of st
stresses encountered in this program, it made no differénce
whether the modulus or the tangent modulus was used in the equa-

tions for predicting the critical stresses.

A statement to define the values to be used for waviness and core
shear modulus was lacking in Reference 1. The Phase II test re-
sults showed that for a local face wrinkling type failure, the

‘orientation of the .core ribbon direction with respect to the load- |

ing direction made little difference. The average failing stress
of those specimens in which the longitudinal ribbon direction was
parallel with the load was 116,198 psi, whereas the average for
those specimens with the transverse ribbon direction parallel with
the load was 113,182 psi. This represents a difference of less
than 3%, Therefore, manufacturer's data on typical core shear
modulus for the longitudinal and transverse directions was aver-
aged and the resulting value was used in the theoretical calcu-
lations of critical stress. The use of this average value for
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. than .,005 inches were assigned a waviness factor of .00S.

'effe'ct on the load carrying capability of the specimens. In

’
s

core shear modulus gave better correlation between test results
and theoretical predictions than did the use of different values
for the longitudinal and transverse directions or the use of
calculated core shear modulus values based on the density of the

core,

The face sheets of the specimens were checked, before testing, for
flatness by use of a feeler gauge. The deviation from a flat sur-
face was plotted, for both faces in the form of a grid. The
maximum deviations across the width of a specimen were averaged
for the worst face. ..-This average deviation was used as the wavi-
ness factor. Deviations of less -than .005 inches were not re-

corded. Those specimens which had an average deviation of less

The waviness of the specimens tested seemed to have little or no

fact, the specimen that attained the highest stress at failure
also had one of the largest waviness factors. Mmr, reducing
the waviness factor from .005 to .001 increases the predicted
failing stress by ascmuch as 15% in some cases. The test results,
however, do not show that the critical stress is this dependent
upon the waviness. |

In the flatwise tensile tests, the majority of the specimens
failed in the face-to-core bond. The average tensile strength
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of the specimens that failed solely in bond was 336 poundsrper
square inch, with the highest strength being 487 pounds'per
square inch, and the vlg-.r, 194 pounds per square inch.

The flatwise compression test results were compared with typical

values listed in Reference 3.
tained:

The fdllowing results were ob-

a. The typical compressive strength of the 2.3 pcf honeycomb,

b.

as listed in Reference 3, was 2.4% greater than the average

compressive strength of the 2.3 pcf honeycod: specimens
that were teste&. o

The typical compressive strength of the 3.1 pcf honeycomb,

as listed in Reference 3, was 9.98% greater than the average
compressive strength of the 3.1 pcf honeycomb specimens

that were tested. '

The block shear test results showed the averqge. shear strength of

the 3.1 pcf core to be 167 pounds per square inch, while for the

2.3 pcf core, the average shear strength was 101 pounds per square

inch, The average test value for core shear modulus was 7.2%

greater than the listed value for 3.1 pcf core, in Reference 3,

and 1.75% less for the 2.3 pcf core.
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The results from the flexure tests indicate that the pmcedure
called out in MIL-STD-401A does not give usable data for thick
core honeycomb sandwich construction. The high shear loads pro-
duced in flexure tests, combined with the eccentric loading under
the load pads, caused by the compressive strain of the upper skin,
in thick core sandwich construction cause a premature failure

due to core crushing under the load points. | |

The test results indicate that the materials used may be worked
to a high enough stress level that a possible weight savings may

be realized.over a couventional sheet-stringer structure.

4. Size Limitations

There were no deleteriocus size limitations experienced in the use
of deep core sandwich construction except that the Flexure Test
as outlined in MIL-STD-401A is not recommended as a method to
detemmine the quality of bond for thick core sandwich specimens.

5. Quality Control A
The quality control procedures for thick core sandwich construc-

tion are similar to those used for thin core sandwich construction.
Basically, they are to control materials and thicknesses, dimen-
sions for prefit, process control for cleaning and layup and

bonding cycles.

S
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6.

The methods for determining the quality of bond are to bond and
test sample coupons along side and through the same cycle as the
sandwich segments. Secveral methods of ultrasonic testing for
voids or substandard bond may be used as well as the "coin tap”
method, |

The contour of the bonded segménts should be determined by in-
spection methods. The amount out of contour, or waviness limit,
is detemined by analytical methods for a face wrinkling mode of

failure.

Core crushing will be determined by radiographic methods. If
large areas of core are cmshéd d'uring the bonding cycle or by
handling, the segment must be either repaired by injecting resins
to reinforce the buckled core, or the segment will have to be
scrapped.

Weight

A weight study is shown in Appendix H. The loads in this analysis
applied to the thick core sandwich skirt structure have been
assumed since the exact loads have not been available., The esti-
mated weight of the complete skirt assembly is 3048# and the
assumed ultimate load was 92754 per ruming inch of circumference.
It should be noted that there is not included in the weight -
analysis, because no information was available, any additional
weight due to inserts to support any attachments or equipment to

the skirt structure,

1;‘1 [ posy =-LE
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III. TEST PROGRAM

1.

A. EDGEWISE OOMPRESSION TESTS

Integral Specimens

The modes of failure in edgewise compression are intracellular
buckling, face wrinkling, shear instability, general or column
instability and compressive yield. A preliminary analysis indi-
cated that none of the specimens tested in this program were either
long or large enough to fail due to shear instability or general
instability. The specimens were designed to become critically
stressed in face wrinkling and intracellular buckling simultan-
eously, Face wrinkling type of failure did occur in all the speci-
mens that were tested, ,
There are three separate theoretical expressions considered in
this vpport for predicting the critical face stress for a face
wrinkling type of failure. These are:
) o . 0.38 ?/E:E:c;__

cr. 1+ 1.39(Ech/Eth)2(w/tf)
® , 1.12 /EE T/

€fs 1+ 1.39(E.GJ/EF DEW/Ey)
B22Egt |
(c) Ocr. ° SZ(1-u9) t)° «202EcS?

E,

where: o., = Critical Buckling stress, psi
| Ey = Tangent Modulus of face material, psi
Ec = Compressive Modulus of core, psi
G = Shear Modulus of core, psi

e ——————
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F = Flatwise core to skin tension strength or core
crush strength (whichever is least), psi

h = Distance, centroid to centroid of skins, inches

| Waviness, inches

tg = Face thickness, inches

t = Core thickness, inches

S = Cell size (inscribed circle diameter), inches

_ Equaticis (3) and (b) are taken from a Douglas Aircraft Company
report, Paper 1393, 30 August 1962, but have been modified as a
result of a previous test program performed by AVOO/ASD,

Equation (c) is taken from ANC 23, Sandwich Comstruction for

o
[ ]

Aircraft, Part II, and is rewritten in an easier to use form,

Reference Structural Analysis of Honeycomb Sandwich Construction,

)

AVOD Corporation, Nashville Division, March 1962,

The critical stress predicted by equation (c) correlated @w
well with the Phase I test resulgs,! liowever, with a more per-
fected bonding process, and reduced waviness in the Phase II
specimens, equation (c) became unreliable.

In equation (c), the term (.202E_S?) constitutes only a small
percent of the total numerator and hence can be considered
virtually a constant. As the waviness approaches zero, the

‘1 Tabulated data and correlated data are presented in Appendix A and Appendix B,
respectively.

E, smsw - am
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EC
term (.637?- W) in the denominator approaches zero, and hence
s

the denominator e;.i;entially consists of only two temms, tg and t..
In the case of very flat face sheets, the equation can now be
approximated by:

822t t f-"
Ccr, = Sz (1- HZ) tftc . (c‘l)

Simplifying, we get:

2
.82213‘;1'.f

%r. -:;1-8_?“ (c-2)
It can now be seen from equation (c-2) that extremely large stresses)
are predicted, The tangent modulus does not exist at these stresses]
and hence the equation becmés useless. Also, note that the
equation seems to indicate that the critical stress level is pro-
portional to the square of the face thickness and inversely pro-
portional to the square of the cell size. These proportiomalities
are disproved by the test results.

Equation (5). seems to consider all of the pertinent parameters,
but it considers the critical stress level to be inversely pro-
portional to the square root of the sandwich thickness, h. This
relationship is not borne ocut in the test results. The test |
results seem to indicate that the 3.5 inch thick coupons attain
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the highest average stress level, with the 4.0 inch coupons
second; and the 3.0 inch coupons attain the lowest avefage
stress level. '

Equation (a) predicts more accurately the critical stresses
attained in the tests. The comparison of equations (a), (b),
and (c) as regards correlation with test data from the phase I
tests is shown in Tables 1.1 and 1.2.

Table 1.1
PHASE I TESTS
| Btiuation Equation Equation
(a) (b) (c)

Percent of specimens predicted |
within ¢ 10% of test results 55.6% 11.1% 38.9%
Percent within + 20% : 72.3% 27.8% 72.3%
Percent within + 30% 83.4% 38.9% 77.8%

Table 1.1 was compiled by using all of the test results. Of the
total number of specimens tested, 4 specimens failed at less thamn
75% of the average failing stress of the other specimens. There
were no specimens that failed in excess of 125% of the average
failing stress. With these 4 specimens discarded, the percentages
shown in Table 1.2 were obtained.
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Table 1.2
PHASE 1 TESTS
Equation  Equation [Lquation
(a) () (c)
Percent of specimens predicted 71.5% 7.2% 50%
within + 10% of test results
Percent within + 20% 93% 21,48, 93
Percent within + 308 100% 364 1008

Tables 1.1 and 1.2 show that equation (a) fitted the data from
Phase I tests more closely than equation (b) or (c). Also, it
should be noted that equation (b) comsistently predicted values i« ic{:
below the test results,

Table 1.3
PHASE 11 TESTS

Equation (a) Equation (b)

Percent of Aspecimens predicted

within + 103 of test results . 20.88 22.9%
Percent within + 20% 68,83 47.9%
Percent within + 303 . 77.1% 66.7%

Table 1.3 was compiled by considering all of the test results

obtained in Phase II. By discarding those specimens that failed
beyond - 30% of the average failing stress of all the specimens,
the percentages shown in Table 1.4 were obtained.
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Table 1.4
PHASE II TESTS

Equation (a) E@atiou (b)

Percent of specimens predicted

within # 10% of test results 23.8% 23.8%
Percent within + 20% 78.6% 47.6%
Percent within + 30% 88.1% 61.9%

Tables 1.3 and 1.4 show that equation (a) fitted the data from
Phase II tests more closely than equation (b). A faét that should
be noted about equations (a) and (b) is that in no case did either
equation predict an ultimate stress level above 122,000 psi. Among
those specimens tested in Phase II, 48.0% of them reached an
ultimate stress level greater than 122,000 psi. '

Conclusions:

Equation (a) was found to have the best correlation with the test
data of Phase II and is subséquently preferred for use,

2. Splice-Joint Specimens
The purpose of the splice-joint specimen tests was to determine
the joint strength and its effect on the overall compression load-
carrying capabilities of the panel. The tests were aimed at de-
termining an optimum type of design that would allow panels to
BRI = N )
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be joined in such a manner to permit the load to be efficiently

transferred from one panel to the next,

The splice-joint specimens were made in the following mammer,
Integral specimens were first cut in halif. The two haives were
then butted together and splice plates were used to join the two
halves by means of a secondary bond process. Two types of ad-
hesives were used: namely, FM-1000, an elevatad-tenperawm-anje
adhesive, and Narmco 3135, a room-temperature-setting adhesive,

1
1
|
$
1
|
]
';

Three test specimens were to be made by electron-beam welding
together the face sheets of intégral specimens, Difficulties

were encountered in joining the specimens because the weld was
contaminated by the bond adhesive of the integral specimens.

Only one specimen was made available for testing, Failure of

this specimen occurred as face wrinkling and core crushing at the
weld, It is believed that the low stress level at failure can be
attributed to a reduction in area of the face plates that occurred
at one of the welds.

The specimen and loading conditions are shown in Figure 1.1.

! [L;_:-"_;:‘_l:

End Clamps

F=s === =9 Splice Plate

Core

Potting Compound

c : &  Figure 1.1

7247 Raw_R.68
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A photograph of the typical test set-up is shown in Appendix D.

The ends were potted to insure that the load was introduced into
the specimen uniformly. The end clamps were provided to insure
against a local failure at the ends of the specimen. The Universal
testing machine that was used was momitored so that the load rate
would be approximately 6,000 pounds per minute., It was assumed
that this rate would be slow enough to permit the specimen to
relieve possible stress concentrations so that the load could be
resisted in the most efficient mammer. The load was increased
until failure of the specimen occurred. The specimens were de- -
signed so that failure due to face wrinkling in the integral speci-
mens, and failure of the splice-joint was expected to occur simul-
taneously. This design, in effect, would be an optimm-stress

type design.

The test data and correlated data are listed in Appendix A and
Appendix B, respectively. The majority of the specimens exhibited
the expected typical type of failures. Irregularities in two of
the specimens were detected prior to testing, Another sample was
loaded at a rate approximately three times faster than intended,
All three specimens aforementioned failed at stresses which were
lower than expected. All three specimens were bonded with the
3135 adhesive. The developed shear stress in the splice adhesives
at failure showed little scatter in the specimens which were
bonded with the P+-1000 adhesive. The conclusion to be drawn from

these tests is that splice joints can be designed so that the full

strength of the pieces to be joined may be utilized.
, 7247 Rav. 84S
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B, FLAIWISE TENSILE TESTS

These tests were conducted to determine the flatwise temnsile strength
of the adhesive system used to bond the face sheets to the core, The
tests were performed on specimens that were bonded between heavy metal
loading blocks which were pulled apart in a Universal testing machine.
A self-aligning loading fixture was employed to insure against eccen-
tric loading. The specimens were cut out of an undamaged area of the
‘edgewise compression specimens after they had been tested. This was
done to afford a better cross-reference of data to be used in the
theoretical calculations. Flatwise tensile tests were conducted in
Phase I only. The values obtained in these tests were used for com-
parison purposes indeteminingvaluesforl-'gtobeusedinthel’hase I
set of theoretical calculations., No flatwise tensile tests. were con-
ducted in Phase II because the flatwise tensile strength of the ad-

hesive system was proven in the Phase I tests to be superior to the

flatwise compressive strength of the core,

The results of the flatwise tensile tests are listed in Appendix A, -
The majority of the specimens failed in the bond, as expected. The
average tensile strength of the speicmens that failed in bond only
was 336 psi, with the highest strength being 487 psi and the low,
194 psi.

A G OGN W W BN OGN R M) NS W M) B BN GS G W ae &8
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C. FLATWISE COMPRESSIVE TESTS

These tests were conducted in order to validate mamufacturer's listed

values for compressive strengths (Reference 3) for the types of
honeycoub used in the edgewise ca pressive tests. The specimens
were cut from an undamaged area of those specimens that had been
tested in edgewise compression. Load was applied normal to the

~ facings of the specimens through a self-aligning loading block in

a Universal testing machine. Flatwise compressive tests were per-

. formed in Phase 1 only. The results of these tests determined the

Fg values to be used in one set of theoretical calculations of

" ultimate stress. Upon comparing the -Metial results. obtiined
from using the test F_ values with those results obtained by using

g
manufacturer's listed typical values, it was detemined that the

difference did not warrant further flatwise compression testing.
In the theoretical calculations for ultimate stress in Phase II,
manufacturer's listed typical compressive strengths were used,

The Tesults of the flatwise compressive tests are listed in Appendix

A. Honeycomb cores of two different densities were tested, namely,
2.3 pcf and 3.1 pcf. Two specimens were found to give unrepresen-
tative values for compressive strength. The remmining specimens
showed the following results: o

Rev. 8«
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1, The manufacturer's listed compressive strength of the 2.3 pcf

honeycamb was 2.4 percent greater than the average campressive
strength of the 2.3 pcf honeycomb specimens that were tested.

2. The manufacturer's listed compressive strength of the 3.1 pcf

honeyconb was 9.98 percent greater than the average compressive
strength of the 3.1 pcf honeycomb specimens that were tested.

The differemces between the compressive strengths listed in Reference
3 and those obtained in the tests had little effect on overall results
"of the theoretical calculations.
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D. BLOCK SHEAR TESTS

Block shear tests were conducted in order that the shear strength,
core shear modulus, and proportional limit shear stress of thick

| honeycomb cores might be determined. The basic purpose of the tests
was to detemmine the correlation of the test results with published
data for thin cores. '

Steel chamnels were bonded to the titanium face sheets of the honey-

- comb specimens. A photograph of the typical test set-up is shown in
’Appendix D, The ends of the steel chamels were loaded in compression
through self-a.hgning blocks. ‘l'he load was apphed uniformly across
the width of the specimens and along a line extending through diagon-
'ally opposite comers of the specimens. An éxtensaneter was used to
measure relative motion between the sandwich faces. Load-deflection -
curves were drawn for each specimen, from which the core shear
modulus, shear strength, and proportional limit stress were evaluated,
A typical load-deflection curve is shown in Appendix F.

A table of the results of the block shear tests is shown in Appendix
A. The values for core shear modulus of the test specimens showed very
good correlation with the values li-ted in Reference 3. For the 3.1
pcf core, the average test value for core shear modulus was 7.2%
greater than the manufacturer's listed typical value (Reference 3).
For the 2.3 pcf core, the average test value for core shear modulus

ﬁ? Rev, iﬁﬁ .
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was 1.75% less than the manufacturer's listed typical value. The

average shear strength for the 3.1 pcf core was 167 psi, and for the

2.3 pcf core was 101 psi. The manufacturer's list shows no values

for shear strengths for core thicknesses greater than ane inch.

However, all of the test values fell between manufacturer's listed

values for minimm shear strength and typical shear strength. The
test results indicate that the shear strength of boneycunb is re-
duced by a substantial percentage when the thickness of the core
is increased from 1/2 inch to 3 inches.
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E.

FLEXURE TESTS

The flexure tests were conducted to provide a cross-check on the
strength properties obtained in the block shear tests. The speci-
mens were designed to fail in core shear and skin compression simul-
taneously. The specimens were loaded at two quarter-span points
through a self-aligning load fixture in a Universal testing machine.
Steel beanng plates were prodided at the points of load application

in an attempt to reduce local stress concentrations in the test

. specimens at those points.

The results of the tests are shown in Appendix A. Each specimen

failed at the points of load application. The failures were due to

local core crushing beneath the edges of the bearing plates. The

core shear strength and the compressive strength of the face sheets
were not obtained from the flexure test because of the type of
failure experienced by each specimeh. Because of the extremely
localized type of failure, and the low stress levels that were at-

" tained at failure in the tests, it does not appear that this type

of flexure test, as outlined in MIL-STD-401A, produces data which

can be used to determine the design characteristics for thick-core

sandwich construction.

7947 Rev. 8- R
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F. DYNAMIC TESTS

‘was intended to induce a fatigue failure in shear in the core rather
‘than in bending in the face sheets. Properties such as resonant

The purpose of the dynamic tests was to determine the dynamic struc-
tural characteristics of thick-core honeycomb sandwich construction.
The primary structural characteristic to be determined was the fatigue
life of the specimens under dynamic flexure loading. The dynamic test

frequency, amplification factors, and resonant band width were also
to be detemined during the testing,

A photograph of the typical test set-up is shown in Appendix D. The
specimens were fabricated with an aluminum support block at the center
and steel weights of approximately 27,2 pounds each, at both ends.

The honeycomb core, the titanium face sheets, the center blbck, and
the end weights were fabricated as an integral part. The specimens
were mounted at the center support block to an electrodynamic shaker,
The specimens acted essentially as two cantilever beams with concen- |
trated loads at their ends. Each specimen was subjected to a sinus-
oidal resonance search test, during which the resonant frequency, and
amplification factor for that specimen were determined, A dwell
frequency and input level was selected during the sinusoidal sweep that
would produce a critical shear stress in the core of the honeycomb
WCh. Dwell sinusoidal excitation was api)lied at this frequency
and input level until failure of the specimen occurred, or wntil 10°

7247 Rov. 868 .
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cycles were reached. If no failure occurred at the completion of 10°
cycles, the vibration input was increased and the specimen was then
tested until an additional 10% cycles were reached, or until failure
occurred. |

The results of the dynamic tests are sumaarized in Appendix A. There
were four specimens tested. One specimen entered the first mode of
natural resonance too fast to reduce the control input acceleration
level and the honeycomb sandwich beam failed in bending. Precautions
were taken to prevent this condition from existing in the remaining
tests. Two of the specimens failed by shear fatigue in the core,

as anticipated. The fourth sample withstood 10% cycles at the first
si.nusﬁidal dwell, and 109 cycles aﬁ the same dwell frequency, but with
an increased vibration input.

The vibration input levels and the number of cycles to failure that
the specimens withstood during these tests indicate that thick-core
honeycomb sandwiches have‘ good shear fatigue resistant properties.
In no case did the core to face sheet adhesive system show evidence-
;»f failure, indicating that the bond is at least as strong as the
core in shear fatigue.

7247 Rev. 8-65
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G. THERMAL CONDUCTIVITY TESTS

The thermal conductivity tests were performed so that data could be
obtained that would enable calculation of the thermal conductance of

the honeycomb sandwich panels.

Photographs of the test set-up appéar in Appendix D. The tests were
carried out in accordance with American Society for Testing Materials
Standard (ASTM C236-49T) Thermal Conductance and Transmittance of

Built-up Sections by Means of the Guarded Hot Box, as referred by

Military Standard MIL-STD-401A, Paragraph 5.2.S5.
the sandwich panels was recorded with the hot face temperaiure stabi-
lized at a maximm of 300°F, and the cool face temperature at 100°F.

Observations of heat flow through each specimen were made over a |

minimm period of eight hours.

The tabulated data from the tests appears in Appendix A. The heat
flow and temperature relationships used in the calculation of thermal
conductance and thermal conductivity appear in Appendix G.

me to the lack of available published data on this subject, the data

Heat transfer through

from the thermal conductivity tests could not be checked for correlation
with existing data.

7247 Rav. R4S °



We A, i
Griswold A VO corrORATION 4.0.0

PRECLANES BV . PABE RO, or

P. E Pi AEROSPACE STRUCTURES DIVISION -
A NASHVILLE, TENNESSEE 37202 sevesr ve. R-1050
eve 19 Oct, 1965 NAS 8-11807 woens we. M.A. 5501

RECOMMENDED FOLLOW-ON PROGRAM

%

2247 Baw. R.AS




P

. . 4.1.0
_N. A, Griswold A V€O corroraTiON e . .
P, E, Pigue AEROSPACE STRUCTURES DIVISION
ety S NASHVILLE, TENNESSEE 37202 ssrowr we. R-1050
e 19 Oct, 1965 NAS 8-11807 weors ve.  M.A. 5501

It is proposed that the Follow-On Program be broken into three: parts.

PAKT I

Part I will supplement the data obtained in the test program, NAS 8-11807, just
conpleted, by.providing additional data on the effects of eccentricities due to
joints or panel close-out members on the campression allowables of the sandwich

structure,
The task will be accomplished as follows:

At least three joint configurations will be designed. (ne configuration to be
considered will be a design with the immer skin thicker than the outer skin.

The length of the specimens must be great enough that the local eccentricities
due to the joint design will be distributed through the core into the outer skin,
Each design will take advantage of the data obtained from the previous tests of
NAS 8-11807 and will be compatible with the required joint to mate the skirt
with the adjoining struoture. Each joint will have a stress analysis performed
to assure that suitable load paths are provided and that the joint will develop -
the load the panel is required to carry.

The better two (2) designs will be tested to verify the analysis. The selection’
of a joint design will take into account the aforesaid requirements and will
also be ciagm’.zant of the limitations from the manufacturing process and material
vauisititl.m. The test parts shall be loaded in the tests in such a manner to
simulate the ioading the skirt will experience. The test support structure will
simulate the end conditions and flexibility as nearly as possible. Sufficient
instrumentation will be used to assurec that above conditions are met during the

test.
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There shall be three (3) test specimens of each configuration.

Recommendations for possible joint design will be made at the conclusion of this

phase of the test program. A meeting will be held with the NASA Contracting
Officer and NASA technical persannel to review the test results and recom-

mendations,
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PART 11

Part II of the Ultra Light Honeycomb Uevclopment Program will determine the
effects of curvature on the general instability mode of failure of panels of

sandwich construction.

The panel sizes will be determined from an analytical study to assure that
dimensions will be sufficient to allow a general instability buckle to form.
The inside radius of the test panels will be approximately 16.5 feet, and the
outside radius may be varied to meet the thickness requirements determined by
the analysis. The ends of the test panels will simualte the end conditions

and support encountered in the proposed skirt structure, and the sides will be -
simply supported.

It is recamended that at least three of each configuration be tested and that
there be at least three configurations having the core thickness, density and
skin thickness as variables.

A study will be made of several of the theoretical techniques of analysis and
conparisais will be made with the test results to detemmine the scatter factor

for future design on the skirt structure.

An optimiiation study will be made of various structural configurations of a
cylindricéi structure using the design data obtained from the test results. The
study will compare structures of unreinforced, thick core, honeycomb sandwich
construction with honeycomb sandwich structures reinforced with ring sections
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to increase the allowable stress due to general instability buckling. The opti-

mization will compare total weight of structure with load carrying capability.

The final report will summarize data obtained during the program and will include

recommendations to be used for the design of the Forward Skirt of the S-11 stage.
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PART 111

Part III of the Ultra Light Honeycomb Development Program will consist of the
design, manufacture, non-destructive inspection and tests to failure of a full
scale cylinder which simulates the design of the forward skirt of the S-II

Saturn V missile.

The design of the cylinder will incorporate the data obtained from NAS 8-11807
and from Parts I and II follow-on.

proposed missile. The structure will be designed to the latest load require-
ments which will be furnished by Marshall Space Flight .Genter, NASA, The

design will incorporate all attachments fox; eqﬁipumt and cutouts for access
doors which might change the load paths or change the stiffness of the struc-

ture.

A design will be made for a test fixture which will support the cylinder and
provide the stiffness required to equally distribute the load from the load
rams to the cylinder Stmcture. The fixture will be capable-of applying a

load equal to 1-1/2 times the design ultimate applied load for the cylinder.

The cylinder will be manufactured, using the processes and specifications as
set by the design.

quality control department and non-destructive testing methods will be used

The compliance to the design will be determined by the

to determine the quality of the completed article.

The destructive tests will consist of a static load uniformly applied to the

¥

The method of attaching to the upper and
lower structure shall be the same as that used on the Forward Skirt on the
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ends of the cylinder. The load will be increased in increments to the design
limit load., Strain gages will be used to determine the stress levels in the

structure. The stress distribution around cutouts and inserts will be deter-
mined either by strain gages placed adjacent to these locations or by a photo-

elastic coating.

The cylinder will be statically loaded to failure. The load will be increased
in increments to the failing load and data will be taken at each increment.
This data shall be strain and deflection versus load. The cylinder stmcture
will be tom apart after the failure in the static test and a visual comparison
will be made of the quality of bond with the results obtained from the non-
&stmﬁve quality control test to prove the éffectiveness of the quality
control methods used. |

Recommendations will be made from the data and test results obtained in Part III
for the design and manufacture of the Forward Skirt Structure of the S-II of
the Saturn V missile.
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b E: Pigue Aveo comworsmon [ 5 . 14
e 11 Oct, 1965 NAS 8-11807 weees we. _M,A, 5501
HONEYCOMB SANIWICH - FLEXURE TEST SUMMARY
ULTIMATE LOAD
SPECIMEN SPAN SKIN “IOTAL  SIEAR  COMPRESSIVE
SERIAL CORE LENGTH  THICKNESS LOAD  STRESS* STRESS**
NUMBER TYPE INGH INGH LB, PSI PSI
2-10072-1  3,1-3/16-10P  51.00 .013 8180 102 91,400
2-10072-3  2,3-1/4-10P  52.88 013 4660 58 60,200
2-10072-5  3.1-1/8-7P  54.00 025 8000 100 57,400
2-10072-501 3.1-3/16-10P  54.00 025 9980 125 70,500
Skin = 6Al-4V Titanium Alloy Core = 5052 Aluminum Alloy

Skin to Core Bond - Three Component Adhesive System:
Bloomingdale Rubber Company PM-47, BR227A, and FM-61

* Computed core shear stress at ultimate load
** Computed skin compressive stress at ultimate load

7247 Rev. 865
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B B, Pigue AcO corvoration eene U e 14
w. A Griswold AEROSPACE STRUCTURES DIVISION AP ALK 0
evade's, PTITHOTY NASHVILLE 1, TENNESSEE areems weK-1USU
s 18 Ot 1905 NAS 8-11807 coces we. MeA. 5501
DYRANMIC TEST SPECIMEN CONSTRUCTION
Ribbon
: Thickness Direction
Avco Dwg. Thickness Decnsity Cell Ssize (Inch) Beam,
Number (Inch) 0. /fe.3) {Inch) = perforated (T or L)
2-10071-1 0.020 2.3 1/4 0.0010 P L .
2-10071-3 0.020 3.1 3/16 0.0010 P L
2-10071-‘5 0.020 3.1 1/8 0.0007 p L
2-10071-~505 0.020 3.1 1/8 ‘0.0007 P ?

Note:

All specimens were constructed of 6AL-4V Titanium Alloy skin and
5052 Aluminum Alloy core. The skin and core were bonded using

Bloomingdale Rubber Company adhesive, Model FM6l. All specimens
were perforated.
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Sagranee OSv

We Ao Griswold

Cnecas BV

A EC O corrORATION

ALROSPACE STRUCTIURES DIVISION
NASHVILLE 1. TENNESSEE

rans we

10 o

14

ADDCIGIX A

KeenaY an. R- lusu

eere 18 OCt. 1905

NAS 8-11807

NOSE. NG,

MJA, 5501

DYNAMIC TEST DATA, S/N 2-10071-50S5

A6

Al A3 A4
o

] 59
FALVEE .
FALE wliawkiisle .
(coas comracssion) 3.4+

.7 i
- 149
Acceleration (g peak) Band- Strain
Frequency Input Responsé width (Microinch Per Inch)
{cps) . AI A!- A, As A : (cps) s, 39

70 sweep 5 15 35 100 95 40 Broken /8.500
800 sweep 1.5 - 50 85 - 25 Broken - <00
1610 lweQ;b 15 250 285 <5 20 - - Broken <50

Note: 1) Except at 1610 cps. all accelerometers are in phase.

i e
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'L, ,,m“uc VC@ CORPORATION e 11 ., 13

We Ao Lriswold ATROSPAUE ATRUCTURES DIVISION ,'\";ﬁ)cnuxx A
o lloid NASHYILLE 4, TENNESSEE seocer e Ko1USU

®ave 18 \)Ct. 1905 N\S 8‘11807 —wots we. :‘:.l\o 5501

DYNAMIC TEST DATA. §/N 2-10071-1

‘:):

Al"{ s7 A3 ?_14

3.4 =

61—

— —— ‘4.9 A ——y

Acceleration (g pcak) ‘ Band=~ Strain
Frequency  Input Response width (Microinch Per Inch)
(¢ps) Ay Ay AL A, AL (cps) 8, Sq
70 sweep 0.7 s 12 24 13 40 2,000 2,700
820 sweep 1.5 28 45 S 2 25 100 100
820 dwell 7.2 175 320 26 - - a50 320
106 cycles
820 dwell 50 190 405 75 - - 625 800
6 minutes
(Failure)

Note: 1) All accelerometers were in phase.

- B . e e e ————— e . .
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We As Uriswold AVROSDACE STRUCTIHRES IMVISION n‘,in.uusa A
! bbbl NASHVILLE 1. TENNESSEE btk
wee 18 (Ct. 1905 NAS 8-11807 moser . M.A, 5501

DYNAMIC TEST DATA. S/N 2-10071-S

' 1.7 = l-
i
: S ad S o
: — §.7
10.0
; 14.9
Acceleration (g peak) Band- Strain
?r?que?cy Input Response ‘ width {Microinch Per Inch)
cps) A A A A A A
e S T T S T S =Y W S
; .'
. 870 sweep 1 13 26 S0 S5 2.5 25 None None
870 dwell 6.2 85 180 2315 400 13 | - None None
870 dwell: 20 150 440 - 920 26 - None None

Input Increased
Failure after 8.5
Minutes

Nota: 1) All accelerometers were in phase.

2) Pirst resonance not recorded. Full sweep not conducted to avoid
damage to spocimens in first resonance

’
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Pe Lo Migue v
e E AVQ@ CORPORATION veeme. 13 e 14
“e s Griswold ALROSPACE STRUCTURES INVISION ;.:;,.-g“g ix A
CHecate BV NAS"V“.[E 1 TENNFg‘FF WECNBY mg }\‘ 050
- 18 OCt. 1905 NAS 8-11807 woeer s M.A, 5501
DYNAMIC TEST DATA, S/N 2-10071-3 srani 6asC, ST
: Al A2 AS A
5 3
fettmmene (0.0 —t
- 4.9
o Acceleration {g peak) ’ Band~ Strain
Fr?g;:’e;xcy Input Response . width  Microinch Per Inch)
] A A A A, .. A '
- N R A A A A (eps) s,
’ e ———————————
850 sweep 1 13 26 46 50 1 25 Not plugged in.
850 dwell 6.5 110 210 1390 420 16.5 - Not plugged in.
106 cycles
850 dwell 20 150 355 620 100062 28 - 1375
106 cycles
No Pajilure

Note: 1) All accelerometers were in puase.

2) Accelerometer fell off after eight seconds at high level input.

3);; First resonance not recorded. Full sweep not conducted to avoid
damage to specimen in first resonance.

—————— s m—— vt atos | v o

e e 2 e S whe

Form 7247 Rev. 23’,&3




© e v e b

|
|
|
|
|

N
—x
»mm
- _M.d 2
] g S
HIR I 3
*ay/mg ‘v eaxe y3naiyy MoTy 3eaY Jo ey aury = b ()
m m 8 *ayeg *Sap *33°bs/*ay/myg ‘edueionpuo) TRWISYL = O (Z)
™~
= & " ‘ur/°ayeq °3ap *33°bs/cay/myg ‘A3tarIonpuo) Teuwrsyr = Y (1)
HE
] . _
8kz = AoTTV umuTUNTY- 750§ = 9100  AOTTV UMYUBITL AY-TVY = UTAS
32 3 .
0Ex 9 19-WI PUE VLZ7HE *Ly-Wd
ﬁ u m Aueduioy xoqqmy srepSutwoorq udISAS dArSaypy jusuoduion asayyp - puog a10) 03 UTYS
LY .
¥
g 5 & £9°881 6°0vT  0°80T  8°fLT 598°2 09°TT ? aOTXP/TXE'Z §-2
- 2
£°602 s'6sT 9°801 £°0LT 06€°€ 09S°€T 141 dOTXOT/EXT°S  §-L
S*861 1141 Al 444 S*OLY p8t°E oLt 8 dixg8/IXT’e  T=L
(aymg)  z/(TaT) (%) (T3) o) () M ¢ )] (sinoy)  (Po3r10Faad=d) Ioquny
:mnw ueay ~ adej pro) adeq IOH 1npuo)  L3tAfIdnpuoy  uorIRINg (*ur 10n*n TEYTI3S
I I p | 183y (1) saanjexaduay, TeuLIaY], TeuLaYyy 3891 X°*UT X¢1¥ /at)
_.mv. % SSaWPIYL
21~ 110§ X azI§ 1190
m.. o4 . x L31suaq a10)
SRR
K EH AIVWANS LSAL ALIALIDNANOD TVIRAHL
LR B
S ¢




H

e ———

P, E. Pigue

racrane® OV

W. A. Griswold

chesned OV

wre 19 Oct, 1965

ZVGO CORPORATION

AEROSPACE STRUCTURES DIVISION
NASHVILLE, TENNESSEE 37202

NAS 8-11807

5.2..’0

rant ue.

aerseT ne. R—lOSO

weses we.  M,A, 5501

APPENDIX B
CORRELATED DATA

1
'R

7247 Rev. 8-63




D E. Pigue Aveo CORPORATION acve. 1 e 7

W, A‘ Cri swold AEROSPACE STRUCTURES IAVISION .D;:pendlx B

cusence av NASHVILLE, TENNESSEE 37202 | secsev we. R-1050 |

ere 18 Oct. 1965 NAS 8-11807 wesee we. M.A. 5501
PHASE I

EUGEWISE COMPRESSION
DATA FOR THEORETICAL CALCULATIONS®

- OKIN SANDWIOT CELL TEST

SPECIMEN THICKNESS THICKNESS SIZE E. NAVINESS ~ F,  TOPICAL Fg
NUMBER INGH INGE  INai psT  ° inai pst PSI
c-1.1 .0126 3.0 .1250 77000 010 214 282
c-3.1 .~ .0188 3.0 .1875 77000 .014  213,5 282
c-5.1 0271 3.0 .2500 55000 013 162 170
C-501.1  ,0131 4.0 .1250 77000 015 209 282
C-503.1 0181 4.0 1875 77000 024 244 282
C-505.1  .0261 4.0 .2500 55000 - .01z 178 170
C-507.2  .0129 . 3.0 .1250 77000 010 292 282
C-507.3  .0127 3.0 .1250 77000 .009 258 282
C-509.2 :.0187 3.0 .1875 77000 014 *x 282
C-509.3 0188 3.0 .1875 77000 022 288 282
C-511.2 . .0264 3.0 .2500 55000 0135 154 170
C-511,3 '\.ozsa - 3.0 .2500 55000 .016 176 170
C-513.2 ' ,0133 4.0 1250 77000 011 295 282
C-513.3 0129 4.0 .1250 77000 016 329 282
C-515.2  .0180 4.0 .1875 77000 014 260 282
C-515.3  .0179 4.0 .1875 77000 014 265 282
C-517.2 - .0259 4.0 .2500 55000 012 148 170
C-517.3  .0259 4.0 .2500 55000 016 179 170

** No coupon was available for testing. .
MATERIALS - Skins - 6Al-4V Titanium - Solution lieat Treated and Aged

G. = 31,900 Core - 5052 Aluminum Alloy
= 94 psi “

*®

7247 Rev. 8+65
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i’.-.f.:. Pige Aveco covoramon |, ..,
Wy Griswold N VILLL. TENNESSEE 37202 ecorr sep b
ewve 18 Oct, 1965 NAS 8-11807 | weoss we. M. A, 5501 |

PHASE I - EDGEWISE COMPRESSION - TEST VS. THEORETICAL

ACTUAL THEORETTCAL ULTIMATE HW
SPECIMEN  ULTIMATE STRLSS*
NUMBER STRESS w!? B (02 (Y (B) __©
c-1.1 70,013 82,410 51,389 86,892 117.7 73.4  124.1
C-3.1 93,002 ~ 84,156 64,102 74,800 90.5  68.9 80.4
C-5.1 97,388 80,808 73,901 78,626 83.0  75.9 80.7
C-501.1 70,510 . 69,507 38,274 86,897 98.6  54.3  123.2
C-503.1 80,689 74,696 48,348 64,472 92.6  59.9 79.9
C-505.1 f‘ 64,593 87,568 68,002 91,334 135.6 105.3  141.4
C-507.2 . 99,420 99,547 62,811 102,700 100.1  63.2  103.3
C-507.3 95,549 95,788 59,A969 99,066 100.3  62.8  103,7
C-509.2 104,185 - - No Test F; Value - -.
C-509.3 43,400 88,358 67,303 68,919 203.6 155.1  158.8
C-511.2 81,285 75,714 68,342 71,280 93,1  84.1 87.7
C-511.3 83,709 78,023 69,0622 66,960 93.2  83.2 80.0
C-513.2 . 111,528 98,522 54,664 115,415 88.3 49.0  103.5
C-513.3 93,613 93,934 51,329 99,374 100.3  54.8  106.2
C-515.2 95,156 93,830 60,564 84,799 98.6 - 63.6 89.1
C-515.3 101,742 94,659 60,930 84,571 93,0  59.9 83.1
C-517.2 107.470 76,314 59,088 82,489 71.0  55.0 76.8
C-517:3 88,412 79,183 61,309 78,482 89.6  69.3 88.8

4

2 'Iheoxy Trom STRUCTURAL ANALYSIS OF HONEYCOMB SANDWIGH CONSTRUCTION, AVCO Corpor-1-

& Fg test values were used in the theomucal calculations.

Theory from DESIGN AND TESTING OF HONEYCOMB SANDWICH CYLINDI—.RS UNDER AXIAL
COMPRESSION, Douglas Aircratt Company, August 190Z.

ation, Nashville Division, March 1962, zm Trom ANC 23, mxch Constructiod
for Aircraft, Part II),

B *.ii‘; Rev. E-‘? T
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| ey Aveo corrormon N
Wz,.A, Sriswold TILLL. TENNESSEE 37203 eerens seR1050
ee 18 Cct, 1965 NAS 8-11807 mosss ws. M, A, 5501

PHASE I - EDGEWISE COMPRESSION - TEST VS, THEORETICAL
ACTUAL nm '

SPECIMEN  ULTIMATE STRESS*

NUMBER STRESS w!t (3)! ©?2 (A) (B) ___(©)
c-1.1 70,013 97,364 60,715 97,025 139.1  86.7  138.6
c-3.1 93,002 98,867 75,308 85,552 106.3  81.0 92.0
C-5.1 97,388 83,688 76,535 80,783 85.9 78.6  82.9
C-501.1 70,510 87,787 48,340 98,879 124.5 68.6  140.2
C-503.1 80,689 83,555 54,082 . 69,599 103.6  67.0 86.3
C-505.1 | 64,593 84,932 66,013 89,429 131.5 102.2  138.4
C-507.2 99,420 97,925 61,787 101,410 98.5 62,1  102.0
C-507.3 95,549 100,002 62,607 102,226 104.7  65.5  107.0
C-509.2 104,185 98,743 75,013 54,730 94.8 72,0 81.3
-509.3 43,400 87,173 66,400 68,114 2009 153.0  156.9
C-511.2 81,285 81,787 73,824 75,463 100.6  90.8 92.8
C-511.3 83,709 75,865 67,696 65,576 90.6  80.9 78.3
C-513.2 111,528 96,364 53,466 113,769 86.4 47.9  102.0
-513.3 93,613 85,507 46,724 93,549 91.3  49.9 99.9
C-s15.2 - 95,156 97,846 63,157 87,515 102.8  66.4 92.0
C-515.3 101,742 97,713 62,896 86,624 96.0  61.8 85.1
C-517.2 107,470 84,708 65,585 88,179 78.8  61.0 82.0
C-517.3 88,412 75,086 58,833 76,368 85.9  66.5 86.4

1 Theory from DESIGN AND TESTING OF HONEYCOMB SANDWICI CYLINDERS UNDER AXIAL

COMPRESSION, Douglas Aircrait Company, August i964Z.
2 Theory from STRUCTURAL ANALYSIS OF HONEYCOMB SANDWIG! CONSTRUCTION, AVCO Corpor-

ation, Nashville Division, March 150Z.
for Aircraft, Part II)

* Mfg, Pg typical values were used in the theoretical calculations,

(Taken from ANC 23, Sandwich Constructiai

134T Rav. 863 .
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_P. E. Pigue A VEO corroraTiON evene. 4 e 7
l oA Feieana AEROSPACE STRUCTURES DIVISION Appendix B
: enedusa e 7T NASHVILLE, TENNESSEE 37202 sseoev we. R-1050
\’ ' seve 18 Q:t. 196§ "NAS 8-11807 wosts we. Mvo 5501
; l PHASE 1I - EDGEWISE COMPRESSION DATA FOR THEORETICAL CALCULATIONS
CONSTANTS: E. = 77,000 psi , c+ Typical Fy = 282 psi
' Ge = 31,900 psi*
; SKIN SANDWIOT CELL ‘
; SPECIMEN _ THICKNESS THICKNESS SIZE WAVINESS
| ' NUMBER INGH INCH INGH INCH
: -23-527 .018 4.0 .1250 .00S
| -23-529 . .019 4.0 . .1875 .005
: I -23-563 .020 4.0 1250 .005
-23-565 .019 4.0 .1875 . ,005 .
: -21-523 - .025 4,0 .1250 .005
: l -21-525 .025 4,0 .1875 .005
. -21-559 .029 4,0 " .1250 .005
; -21-561 - .028 4.0 .1875 .005
= ' -19-519 .029 4.0 .1250 .005
' -19-521 .029 4.0 .1875 .005
‘ -19-555 .029 4.0 .1250 005
: -19-557 .029 4.0 .1875 .005
* . -17-515 .019 3.5 .1250 .005
' -17-517 .018 3.5 .1875 005
, +17-551 - .020 3.5 .1250 0110
| l -17-553 ,019, 3.5 .1875 .0io
: -15-511 .025 3.5 .1250 010
: -15-513 .024 3.5 .1875 <0108
| ' -15-547 .026 3.5 .1250 <0100
-15-549 027 3.5 .1875 005
w -13-509 .029 3.5 .1875 005
: ' -13"543 o 0028 305 .1250 ' 0005
; -13-545 .028 3.5 .1875 .005
-11-503 .019 3.0 - .1250 .005
l -11-505 .019 3.0 .1875 .005
-11-539 .020 3.0 .1250 .005 -
‘ -11-541 .019 3.0 .1875 .005
l -9-5 .025 3.0 .1250 .005
- -9-501 .026 3.0 .1875 .005
-9-535 .025 A 3.0 .1250 .005
' -9-537 .025 3.0 .1875 .005
l -7-1 ‘ .028 3.0 1250 .005
-7-3 031 3.0 .1875 .005
-7-531 032 3.0 .1250 .005
' -7-533 : .028 3.0 1875 .005
-15-503 .019 4.0 . .1250 .005
-15-505 .019 4.0 .1875 .005
l -15-515 020 4.0 .1250 005
: ~15-517 .019 4.0 .1875 005

7247 Rev. 885 -
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PHASE II - EDGEWISE COMPRESSION DATA FOR THEORETICAL CALCULATIONS

(CONTINUED)
SKIN SANDWICH CELL

SPECIMEN THICKNESS THICKNESS SIZE WAVINESS
NUMBER INGH INGH INQi INCH
-17-3 .025 4.0 - «1250 .005
-17-501 .024 4.0 .1875 .005 -
-17-509 024 4.0 «1250 .005
-17-513 024 4.0 .1875 .005
-19-1 030 4.0 1250 .005
"'19"5 1030 4-0 ' 01875 .005
-19-507 026 4.0 1250 005
-19-511 .028 4.0 .1875 .005

| MATERIALS - Skins = 6A1-4V Titanium - Solution Heat Treated and Aged

‘Gc-

Core

- 5052 Aluminum Alloy

Average 6f manufacturer's typz.cal values for longitudinal
ribbon direction and transverse ribbon direction.

waze m_.. R_4€ -



P. L. Pigue

W, A, Griswold

Avee

CORPORATION

AEROSPACE STRUCTURES DIVISION
NASHVILLE, TENNESSEE 37202

fens we. 6 o 7

Appendix B
asvens wo. R=1050
weess ws. M.A. 5501

eve 18 Oct. 1965

NAS 8-11807 _

PHASE 11 - EDGEWISE COMPRESSION -

TEST VS. THEORETICAL

ACTUAL THEOKETICAL ULTIMATE THEORETICAL/TEST
SPECIMEN ULTIMATE STRESS* PERCENT
NUMBER STRESS (a)! (8)} @a - (B)
-23-527 141,319 115,915 74,662 82.0 52.8
23-529 . 99,663 116,544 77,115 116.9 "  77.4
-23-563 141,875 117,117 79,497 82.5  56.0
-23-505 68,852 116,544 ' 77,115 169.3 ' 112.0
-21-523 100,000 119,344 90,516 119.3° 90.5
-21-525 144,500 - 119,344 . 90,516 82.6 62.6
-21-559. . 108,621 120,610 98,474 111,0 - 90.7
-21-561 94,013 120,325 96,545 128,0 102.7
-19-519 107,527 120,610 98.474 112.2 91.6
-19-521 159,570 120,610 98,474 75.6 61.7
-19-555 88,602 120,610 98,474 136.1 11.1
-19-557 146,237 120,610 98,474 82.5 67.3
-17-515 143,383 116,560 82,635 81.3 57.6
-17-517 145,000 115,930 79,996 80.0 55.2
-17-551 90,536 105, 331 76,614 116.3 84.6
-17-553 91,729 106,176 . 75,273 115.7 82.1
-15-511 - 163,533 110,919 90,201 67.8 . . 55,2
-15-513 105,638 108,991 - 86,843 103.2 . 82.2
-15-547 126,027 111,526 92,491 88.5 73.4
-15-549 122,427 120,039 101,447 98.0 82.9
-13-507 109,524 120,895 107, 698 110.4 98.3
-13-509 134,693 120,628 105, 654 89.6 78.4
-13-543 145,663 120,343 . 103,571 82.6 71.1
-13-545 122,646 120,325 103,159 98,1 - 84.1
-11-503 139,474 116,544 88,975 83,6 63.8
-11-505 78,947 116,544 88,975 147.6 112.7
-11-539 100,417 117,117 91,720 116.6 91,3
-11-541 121,930 116,544 88,975 . 95,6 73.0
-9-5 78,405 119,344 104,411 152.2 133.2
-9-501 144,872 119,694 /106,774 82,6 73.7
-9-535 46,667 119,344 104,411 255.7 223.7
-9-537 124,667 119,344 104,411 95.7 83.8
-7-1 133,333 120,325 111,351 90.2 83.5
-7-3 62,903 121,128 117,887 192.6 187.4
-7-531 90,625 121,364 119,985 133.9 132.4
-7-533. 148,214 120, 325 111,351 " 81.2 75.1
-15-503 98,684 116,544 77,115 118,1 78.1
-15-505 76,316 116,544 77,115 152,7 101,0
-15-515 ' 99,375 117,117 79,497 117,9 . 80,0
-15-517 123684 116,544 - 77,115 94.2 62,3

Rav, 8+
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PHASE II - EDGEWISE COMPRESSION - TEST VS. THEORETICAL

(CONTINUED)
ACTUAL THEORETICAL ULTIMATE THEORETICAL/TEST

SPECIMEN ULTIMATE STRESS* PERCENT

NUMBER STRESS Ok (B! (A (B)
-17-3 84,289 119,344 90,516 141.6 107.4
-17-501 84,375 118,907 - 88,418 141.0 104.8
-17-509 93,229 118,967 . 88,418 127.6- 94.8
-17-513 91,667 118,967 88,418 129.8 96.5
-19-1 128,482 120,877 100,367 94.1 78.1
-19-5 124,324 . 120,877 100,367 97.2 80.7
-19-507 117,506 119,094 92,568 101.9 78.8
-19-511 144,643 120,325 96,545 83.2 66.7

* 'No thei_:retical values were obtained by equation (c).

1 Theory from DESIGN AND TESTING OF HONEYCOMB SANDWICGH CYLINDERS UNDER AXIAL
COMPRESSION, as Aircra

Ane .

y, August .
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‘ BLOCK SHEAR TEST
I LOAD VS. SHEAR STRAIN

TYPICAL QURVE

i o

. — o .

' 50,000 A .

A
l 40,000 ¢ 1 | A1 .
3 7

l “"' 30,000 B 4 - N

| % : v =
' 20,000 - T
l 10,000 - : T

/ "
| o
0.00167 in/in, STRAIN (IN.7IN.)
l ! SPECIMEN NO. S-1.1
QORE - 5052 Aluminum Alloy
3.1 pcf - 1/8 Cell Size
' SKINS - 6AL-4V Titanium Alloy
‘ 0.020 in. Thickness
' | RIBBON DIRECTION - Longitudinal

7247 Rev. $+65
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BLOCK SHEAR TEST
LOAD VS, SHEAR STRAIN CURVE
TYPICAL CURVE
T
n ' 4

40,000 1A 36 500 b1 LT +
% REP oo H
:
& 30,000 NS
g ,

20,000 -

4 1k, I 46.,40d-PS
10,000 gus
. I
o 4 :
.00167 in/in. STRAIN (IN./IN.)

SPECIMEN NO. S-1.2
QORE - 5052 Aluminum Alloy
3.1 pcf - 1/8 Cell Size
SKINS - 6AL-4V Titanium Alloy
0.020 in. Thickness
RIBBON DIRECTION - Longitudinal

7247 Rev. 865
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EDGEWISE COMPRESSION TEST
LOAD VS. STRAIN
TYPICAL QURVE

n
B D PN,
'

40,000

10,000

+‘°°25 in/in{ STRAIN (m./m.)‘

SPECIMEN NO. C-513.2
CORE - 5052 Aluminum Alloy
3.1 pcf - 1/8 Cell Size
SKINS - 6AL-4V Titanium Alloy
0.012 in. Thickness
RIBBON DIRECTION - Longitudinal

RN
(sannod) avot
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EDGEWISE COMPRESSION TEST
LOAD VS. STRAIN

' G b N o s
o

TYPICAL CURVE
+ HHAH
i-H
. 40,000
IR
t 2
200 UBEL 30,000 g
\ i
: &
N
NG . 20,000
; h N
+ +NA
AN
10,000
: N
i 0

‘ STRAIN (IN./IN.) «,0025 in/in-

SPECIMEN NO, C-515.3
CORE - 5052 Aluminum Alloy
3.1 pcf - 3/16 Cell Size
SKINS - 6AL-4V Titanium Alloy
0.018 in. Thickness
RIBBON DIRECTION - Longitudinal

Jp
™7
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EDGEWISE COMPRESSION TEST
INTEGRAL SPECIMEN
TYPICAL TEST SETUP
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EDGEWISE COMPRESSION TEST
INTEGRAL SPECIMEN
TYPICAL CORE FLATWISE TENSION FAILURE
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EDGEWISE COMPRESSION TEST
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EDGEWISE COMPRESSION TEST
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'
|
t

®
i
2
&
]
]
i
k

AR =g

7247 Rev. 865



vy
0
.
-]
o
>
@
+ 4
~
-
o~
~

Ve i
r=d Q
(V)
sBal
S <
Al S B
J F ¢
3 " -
- " "
o o
Z z o
mmm
Aw“w
RmE
mmE ~
x EA =
b ® e
m - &
Ei oo m
g m
-
mmﬂ 2
>
£3 3
“N Bw
W
[¥e)
e 0
4 [#))
m b
@[3y
Pqu m
A B
H o
o 8] o8 -
o sl= 3 %
[ Y [') ']




..l::..l.i.. "hgue ‘m CORPORATION racswe. 11 e 16
W. A, Griswold AEROSPACE STRUCTURES DIVISION D
cuemmea e NASHVILLE, TENNESSEE 17202 sweeev wo. B_10S0

eve 18 Oct. 1965 NAS 8-11807 conee e, MeA. 5501

FLEXURE TEST
TYPICAL FAILURE
(RIGHT HALF OF SPECIMEN)

7247 Rev. 8-65




P. E. Pigue

sagranE® BV

W. A, Griswold

sneanes oV

wore 18 OCt. 1965

Am CORPORATION

AEROSPACE STRUCTURES DIVISION
NASHVILLE, TENNESSEE 37202

NAS 8-11807

PABE BS. 12 or 16

Appendix D
agreay we. R_]ns@

“ePeL e, MQA. 5501

i

SRR e i
- i s
gt o

FLEXURE TEST
TYPICAL FAILURE
(LEFT HALF OF SPECIMEN)

N9 4 s SRR 513 . B S

7247 Rev. 8.65




P. E. Pigue

PREFARES BY

W. A, Griswold

ere 18 Oct. 1965

2 VEC€O corroRATION

AEROSPACE STRUCTURES DIVISION

BT ACEELITY T VT TRV QCE T 2T7YNAS
INAOM VILIL.Ly LLININLOOLL J/&vVe

NAS 8-11807

raee we. 13 16

Appendix D

DYNAMIC TEST
TYPICAL CORE SHEAR FATIGUE FAILURE

7247 Rev. 8-65




_P. E. Pigue ‘m CORPORATION e, 14 o 16
— - AEROSPACE STRUCTURES DIVISION pendix D
ey aiin,, riswold NASHVILLE, TENNESSEE 37202 serear we. g_gloso

ee 18 Oct, 1965 NAS 8-11807 wesew ve. MJA. 5501

DYNAMIC TEST
FACE BENDING FATIGUE FAILURE

7247 Rav. 8:65




\

| "1:’.“1‘5.."Pzgue Zvco CORPORATION rerue. 15 o 16
W. A, Griswold AEROSPACE STRUCTURES DIVISION Appendlx D
cneenes ov NASHVILLE, TENNESSEE 37202 ®eecear we. R.1050
wee 18 Oct. 1965 NAS 8-11807 wose. we. MeAs 5501

JHERMAL CONDUCTIVITY TEST
GUARDED HOT BOX

7247 Rev. 8-65




P. E. Pigue

PREPARES BV

W. A. Griswold

ere 18 Oct. 1965

A V€O corrorATION

AEROSPACE STRUCTURES DIVISION
NASHVILLE TENNESSEE 17202

aviaus ¥ aacas

NAS 8-11807

cARE NEO. 16

o 16

Appendix D
acroar we. R-1050

“HEBEL NO. MOA. Ssol

THERMAL CONDUCTIVITY TEST
INSTALLATION OF SPECIMEN

7247 Rev. 8-65




1

W. A. Griswold

Tagrane® oV

P, L., Pigue

cCHEonEe oV

ww 19 Oct., 1965

A VECO corrorATION

AEROSPACE STRUCTURES DMVISION
NASHVILLE, TENNESSEE 37202

NAS 8-11807

5.5.0

PAOE NO. [ . 4

R-1050

NVAPSAY w0y,

"»esel NeE. M.AQ 5501

APPENDIX E
DRAWINGS

7247 Rev, 8:6$ -




A | B | AssEmBLY ~
135
[0 (600 | sp7. 5,511

301,303,505,
4001800 | 057~ 554 517

]

»roo

ROUT OUT LORE
RFTER BONODING AND
POT WITH ABZ8.

B>

= comr1ercinL PROIDUCT: sHELL CHEMICAL CO.. PITTSRUAES,
CALIF., COBE IDENT NO. 8696/.

LOMMERC/IRL PRODUCT: BLOOMING DRLE RUBBER (0.,HRAYRE DE c@a;
MARYLAND, CODE IDENT NO. 075<2.

l 3. MAKE | ERCH OF -1,-3,-5,-301, -503,-8D5 RASSEMBLIES FAND
Z LACH OF -3D7,-509,-51/,-513,-515,-517 RSSEMELIES.

2. BOND ALL PANELS FER AV(O/RSD PROC SPEC /.65 .

(T=socurion HERT TRERT AND R6E ALl sKINS,
TENSILE 160000 PSI UTIMATE, 145,800 251 YIELD, % EOMATION.

NOTES: -




A bt Mt go| |
i
]
|
‘ E
1
I |
i
" L
. |
3D 3 G
N , \A 3 .
S g . | |
3 p 3
e 8% - |
QN " Ly
Ew.ﬂ n.m#.w 5 ,mx
Yy f -
Ry




L d
avR H
!
:
— ——— 3
{ i
; H
¢ T
g S s
.__?‘._..‘,___.- s SR S #.__\,_.__.
- ]
S
- 4
e
— 4, JRpp—
' -t
L :

Y /Y RE28 RITTING OMAIUND
V7 VBR-227A PRIMER
v v/ FMEIT ADHESNE -
o 4 SKIN " 02580420 6AL4Y TI ALY 0o7 7ol
o -35 |} L¥B8020
T -37 0280120
2 -35 025:60420 1
- -J3 0 86020 )
2 31 SKIN  02-6020 6AL4Y TIRY W M- i
- LI ORE 4000800 ZAZ4%%2 MIL-LH78
A R a4 A ) —
T =25 GAE OO SR
o 23 00060120 S o 7N
L =1 _-64-20?;2/"'%‘ 8
19 30006020 2 3 I I~
-7 2208020 3 ba-Br T
T s 2o00-50¢0 EY, ’BP N
=13 LA0BO-E0] 2 T
] -17 BAOECOLO0| “sicl e [
7 -9 B0 4020 | o0 or 1T - I
/ -7 | CORE 26020 328, MIL-C-7438 .
i‘i‘] pany on *T0CK s nATERNAL sescwcanon 5 1 am [T
LIST OF MATERIAL X
) ::_ f 4] AVCO cosronamion T IS o
= e AmGaA 2 0w ]
IR DRSS o - ]
T s L) g . COUPONS - ]
e R | COMPRESSION TEST ]
e o =G/ 1T, 8 NRSWSF[ M%ﬁ-//w? PWRSE T
HCE SO PER T SY20
- s |o 2 -10062
: wcass AONE Jsemar | or f




Lo

CORE

m

“].‘1,

 36.0015.00
K800 1800

3. BOND RLL OPONS PER RVCO/RSO PROC SPEC /1.65.

B coMMercpL MoDUCT: BLAOMINGDALE RUBBER ., HAVRE OF 6RA
MARYLAND. (ODE IDENT NO.J7542.

(==>soLuTion wERT TREAT AND HGE ALL SHINS
TEMSILE 160,000 751 TIMATE, 145,000 PS7 YIELD , 3% ELONGATION.

NOTES :




RIBBON DIRECT/ON _

8
— A . |
' |
] «
!
i } |
o C (caae
ul” ‘ &
C | ASSEMBLY
00| -/,-3,-5
LOa0| -501,-503 - 505
r, | |
E
e
- &




APPENOIX _E _ PRgE 2 069

o | =5 semac e —arO v J“ el [
- T__- e d e
—4—-A_' H; '-_*—-—L—-—w-‘
: ]
S - i
THICANVESS)
[ ]
[T
'/ v FM&I ADHESNE
717!y 1BR-227R ' PRIMER
e .

-Z21 SKIN 18080 6AL-4V T AY "By -

122 | =I9SKIN TIDEIHOCALATIAY LigsEs

W17 ORE  4000-80-40 2Fid% 2 |
- A000-B0-480 i —
. -3 208040 -

] - T

1
T i | maoso%d
T -8 | Baw€ox0
' L -7 CORE  BOW-60-%0 35 X
2 -505 ASSY . e
' -3 ]

210067 |

I

!

[ -507 , _ B
2 -5 j ]
2

. 4 i
-1 | ASsY

Y3 7 cant oroca exx - o T g v
— LIST OF MATERIAL : - .
VRS STHENNRSE SNECIFNS DN BY emOSTaCE SYwCCTUNES Drv.
Y e Ll T;:tm’* CORPORATION  masswviis 1 Temwesees 4
TELENMIRS.
%.i2 SEy [== = ‘
o el E s COUPONS" : 4
SR - BLOCK SHERA TEST]
o e e 7 bR A MRS MSFL MRS 11007 PHASEL

e i o[ 2-/0063 1

A [scux WORE T Jswexr | or ]
i ’J S o e




' e !
L}

23200

3. BOND AlLL LOUPONS FPER R

COMMERCIRL PRODUCT :
GRALE, MARYLAND . COOE

[—>soLumon HERT TRERT
TENSILE 160,000751 ATIMA

NOTES::




(0 JRSD FPRIC SPEC 11.65.
(DOMINGDALE RUBBER (0., HAVRE OF
IDENT NO. 07542,

BND AGE ALL SAMVS;
L 145,000 55/ YIAD, 3 7 ELﬂNéﬁwM

4000
(CORE THICKN[SS)

”’7“{7}’””FM &l P
VIV BR-227A P

zz2
5’,, o

) . g

+ - . e

]

AN -7

W
|

R

- PART NUMBER !
REQDASSRN.
BLESS STRERMMIE SPECHIED oRN. BY
A, SUNENDIBRS AE T INCHES
SWENSIONS ML GETER MLATING ar. ENGE.
DNEPLACE  : MBI  ANGULAR - O30 -
%mt:’ FER D L0F =
* | svness
THREADS PER WANOUODK .38 ANS S5L-STD-9
BACVINE SWRNLS PER W-STO-4 WEIGHTS.
WELD SYWIOLS PER JAMSTEI
SENS WARE PER AYCO/N 208
WVET SPACG PER n




PAENDIX_ & _ PRge 3 or 9
|
!
l
|
|
[
’DHESIVE‘ ST T o T
UMER [ S S A S
; - B
KIN  QD2020ER-Y TIARY MLT %46~ | |
ORE  4W-20°0 %457y PMIL-C7#38 | |7
ORE’ 4002020 1 MIL-C-7438 .
ORE  BOWZ0:20] m MIL-C-7438
155y 1
ssY .
SSY . .
LIST OF MATERIAL .
PEZ PR A0 comronsron "ot
[ COUPONS- |
LATWISE TENSION TEST.
Wover s L aWASH MSFC _INASE-11807 FHASET 1
- : CooE ounT. | 8K | bwe. nO &7 4
— 93271 |¢© 2 /0064 ]
acaLE 1(/’/ . Torerr | or /

3.,

WA WY 0wl




+
+

r
987
963

FOR
’- ag-1/
\

t.—

A. MIT USED.

I
!
'
1
.
1
i
! ,
)
!
' ,
1 .
i
X .
fo— X 00—+ /13.50 REF
i
I
3

; i
A 200
{
40.0(1
' -
o
(5> 1vP s PLCS -7 ;

i 1

”””n_,; rI”””

- ey o oem e

- e am e e

eI R
-

- e e e e e o

! “Hm. A

\——POTT/NG COMPOND
TYP S FLCS

-1t

MABAYLAND. CODE I0ENT NQ. J7542.

dl”” i S I N

I
|
|
!
|
i
{
q
l
1
|

NOMINGL THICKNESS 0F METRL T METRL BOND LWVE T8 BE 009,

|
ALL METARLTD CORE GINDING T2 BE RLCOMPLISHED USINGE FIM 61 |
RONESIVE AND. BR-227R FRIMER [3> 1

i

. [(B=> AuL METAL TO METAL BONDING RDHESIVE TU BE FM 1000 [T

4
1
i

(3= COMMERCIAL PRODVCT : GLAOMING DRLE RUBFER (0., HRVRE DE GRAC

2. BOND. ALL PANELS PER AVCL/50 PRIC SPEC i1.65 \‘
(T== SOLUTION HFRT TREAT BND HEE BLL SKING - !

TENSILE 160,000 Pst ULTIMA

NOTES:

TE, 143,900 PS! YIELD, 3T ELONGRTION.




ORE REBBAY DIRECT/ION

/ FoR S 3 & -5 assvs

P A L R T SRR B L B

13.50

TYP 4 PLLS

\—@2 REQD AR ASSY

e

[ . g

g e 4

i
N EFrECTIVITY

i
APPLICATMON




£ 4 or 9

APPEN N K P 7 =
o N - B
; . 1
+ + |
— v, W 1
i 1
" RIBEA DIRECT ON ]
R -50),-503 &-SUS z S
ASSY'S ' E >1
| &
E
t
1) 2 REQD PER RLSY
|
mrﬁms
-
o HT 424  RITT/NG @»mawvo
/ ./ BRZ27A PRIMER | -
v/ FM6/  ROHESIVE "~
v v 'FMI000 RDOHESIVE
o . __"23 WORE eow-80:A5 Ei '7" .m.~c~
- T [
2 -17°
. s .- -41?%4'% - 1
T 27 -13 CoRE  pam ‘ ¢ m‘:z-m' <
2z - ~1] TWEIGHT F:5+80 1 M98 N
41T -9 mfn mé-?a-&a -T65 R RAY\AA-R-325 0
2.2 7 U SKIN ,aza-awmwwav—‘“m 1Q
- -.Wfﬁ;fr ; ST ank P 1w
I -503: Assy ! ‘ N
1 -3/ Assy )
2 -5 | Bssy
2 -3 | RAsSY
] -7 |HSSY
L1 ARt ] sTocx sax —ATERIAL PPECImICATION |t
LIST OF MATERIAL
m‘:'% ons. wY ?’”u 29 44 TION u-ou-txﬂ:ucvum:uv
D s . COUPONS- i
s s o L DYNAMIC TEST
oo o aa pry— [NFSR NSFC NASB-11807 PHRSEIT |
T 93221 | D _2-/007/ 3
scaLE [/ e jwmay | or

oae wer 40




Fwwm“*’ .

k.

CORE RIBBON

4. MAKE | OF ERCH RSSY SHOWN,
I BOND RIL COPINS FER QUiQ/AsD PRIC SPEC //.€5.

[Z=> commeAc AL PRIDUCT : RAOMING DALE RUBBER U,
HAWAE DE GARCE, MARYLAND . (O0F IDENT NO. 07592

(== soLuTion #ERT TRERT AND RSE ALL SHINS; TENSILE
160,80 P51 ULTIMATE, 45,00 57 YIELD, 3% ELONGRTION.

NOTES:




|
|

’ LD/RECTION

10.00

na T
S VORI ST NSRS ———e
U e e}
L
e ¥
+ ——
‘ o
hor-gal oY s an g e g
wy
APPLICATION EFFECT vy




I
E b J SR TR Wy sociowranaren o A——— o
!
|
I I
) .
|
E
i .
|
|
|
|
|
:
Y
et “FM&!  ADHESIVE - T b
/. BR-LZ7AR ATIMER N B
N IS (ORE < ROD00-BO S S0P ML-Z”'#_E 8
I ~ !t OGRE AL 10580 3%, H/l-f'm Ny
2 -9 |sKIN (025100 BO6A-4V T RY [T .
212 =7 SKN I3 100-SFOEALAV T1 R 12
=il vant ' ron sTock sas ATEmIAL sraciricamon | 7% | oz [UNT
=== : LIST OF MATERIAL
mnum ::u'::‘ 4 HM TION umﬂ:ummuv
e e e K COUPONS - ]
o A — FLEXURAL TEST |
oo s [ IR ML 1ASE-11807 AHASE T ]
—_— o |of 2-/0072
2 s /74 T Jewer [ = 7




- e &

P62 800 &F

O8N WD WLLEA mF
15€ &£ 828 AL
IZ SRR AT




6.50 ———]

2 /—’6 £ PLATE AEF

~ o]~

V;l v
- . ) 12 SN KEF
~— 0 om0 ALEE AP

/—».z s ner
i/—mr o

#ﬂg-m“ ‘ l
B
T T 5 uliad ‘
‘e !
s :
"
.e PLEANY

' - D MATE REF
roo0 -——-——4 .




—a> ) ' 200




Yoo

4G

AULER < gD
1.0 0 AQO « #00

\—ut-z-nm anv
2ra0

S

— 2700

LITIITEAQ T

LY 7:237
"l mmeo

B acrem wirome wa.0m i 10 150 -2 aon, swwnce &
t LW ST & AMALIEL TO SOWNCE “C* iRt &S,
- > ATER ATy & LR e, svvecs wreST &
PAALEL TO SIPRCE

T MY < A0S, LAEWEE SNV D
RO SRS OF VSR BTN FUET S5 MIRINLEL WVBNe 205"

L ALL MATERIAL 1D BE AT STRCTIWG. STEEL. *
NOTES:

C » I

B




| , /— w Ye-16
MNP
i

TYP

Aopendvx £ Pnﬂ or 1—1

s
_—
N
o In
8
N
i
[IPRRU p— L A v mp.
AT O A

——r oo O
am——— pe—rtpyee——

- IXTURE-

FLEXURAL TEST |

L MRSA MSFT MRSO-M007 AL ]

i
i
!

wm Y[ 2-007¢ ]

- o o o

RPN




4

- o

—

- e o o s m

Z4.00

F. BONO ALL (OUUNS FER RVCO/PSO PRIC SPEC (.65,

COMMERCIRL PRODUCT : BLAOM/NMSDRLE RUBBER (D.,
HRVRE DE GRALE, MERYLAND, COE IENT MO, 07542,

==socuTion HERT TREAT AWO AGE RLL SKINS: TENSILE
160,000 751 WTIMATE, 145000 /51 YIED; T% LLONGATION.

NOTES:




Sécn b N LR 1
SN <y E , i umz_ AS
. - \ nwm.
- 1
S O S NS SO S R -4
§
|
1H
i
i
| 1
N
g
X
3
g )
g
] S , |
N ‘




J’Mézg £

Agg?’#g

o | ne seme e it - § g
-
! i
‘ hil
b 4 .
ST S
- 1 ‘ P
; .. . O S—
i H -
4 ! H i
i i p—
; ' I -
. ; o
[
b - - . f R
— — el

oL :':.. F % Zee CORPORATION " nesierass | rommonas
i [ COL/PONS- ]
SR [ THERMAL TEST |
i ooy | [ VASA MSFL ) mzsa—nam PHRSE I

> SCALE

. .

st | or

e wwe .-



AOUT JUT (ORE
RETER BOMING AND
UT WITH R 828.

=

-

A R e T T T T,

|
|

CORE ARIBROV DIRET IO —
FOR -07-509,-5/4$23, 515, \
g 517 ASsyis \

’\uﬁ

Jt

"

““h

(= commercimL PRoDUCT - swELL cnemcar o,
PITTSBURGH, LALIF., LODE IDENT NO.86561.

(B> commERGRL PRODUCT: BLOOMINGDALE §uBBER .,

NOTES:

HARVRAE DE GRACE, MRRYLAND, (ODE IDENT AW. 07542,
<. FONVO ALL (LINS ER AVY/RSD PROC SPEC .65

(= sourion HEAT TRERT anb RGE ALL /NS TENSILE
160,000 P51 ULTIMATE, 145,000 PSI YIELD; 3 7% ELOMSATION.

‘ § 5 MRAKE | IF EACH ASSY SHIWN.




-3, -JU,-S0%

RSSY'S.

CRE AIBRON DIRECTON
x. 13

FOR -/-3
£ -

-

|

4000 GRE THIC KKESS

s

Wo

|

"u”

all

BEESNNEEN REEE 2
CSINY, . e & i
S R I
./,.IJ/ _ o N .I.a.M~ nmm
I Ve TR T,
IR i N~ sar- _m
AR N s i £
PN N o5~ - edd
AN by ~ S
*;.‘,./.Vx, /M -H BRI N L m
% Ayl RENERRRRARM
3
IF
1 |
1 !
o -
5




| ]
NOIK. £ P, Bor9 |
L | B4 eua ce wmanares. | e L R 1‘
|
|
&
:’ - -
SV REZE  AITTING aMPRIND
v V.8R-ZZ7H  PAIMER B
v /S FM & /?DHESIVE' o T
; . P o -j_w -_.‘. —— L .j——h
R } 'Q
2 -9 sew m-ao-.wmwnm "‘”““4 -8
o <17 SKIN  0Z5-80-F0 &R T ALY z <
n SIS SAIN O8O0 DLER-4V TIALY y
i - 13| LORE W-E0T0| BT WL-C- M8
i - g 17- ¥k - t
- ~7 [ GRE B0-T0| Zo o T
B 5| eonmr wnsm | omscawnom svoox eas T g (uear
l T wy.
LIST OF MATERIAL i
Eatee (e Al AVBO corrosinon T
”E-g,;g' p S——
T LY pon Z COUPONS- j
T A e BXIAL COMPRESSION TEST
. i INASA Mﬂ»‘c msa-//m PHASE ]
AT Y cusn emwe.
jomcss san o™ 08 4
o |o Z-/OO?' 6
3} scaz 172 Tm Jor ¢}




—S- CORE RIBBDN DIREL Tiov

FOR ASSY'S -1 THRU 3529 .

: Ay : —T
t ‘ f
CORE RIBRON —- . L. :
DIRECTION FUR - ‘
ASSY'S ~531 THAU \:--\ : ‘
‘:5_55'. f 1
) t 1w
1 1 }
. o
' ‘ ;
1 v
1 ) '
- 1200

AOUT OUT CORE : i
RFTER BONDIM6 AND ™. !
POT WwiITH R &28.

5 MBKE | OF ERCH RSSY SHOWN.

ZOMMERCIRL. PRODUCT: SHELL CHEMIAL (2.,
PITTSBURCH, CALIF., COOE IDENT M. 8636/,

(3= coMMERUAL PRODMT : BLAIM WDRLE RUBBER (V.
HAVRE DE GRACE, MRRYLAND. (O0E IDENT NJ. O7.542.

2. DOND RLL CouPrns PER RVCO/AsD PRIC SPEC 1165

(== sauuTion HERT TRERT AND AGE™ ALL SKINS : TENSILE
160,000 F51 W.TIMATE, 195,000 FSI YIELD; 3% ELONGATIAN.

- NOTES:

A /




oo . N - i Jﬂﬁqw m”ﬁ Ly wf mmmmm—‘w—iﬂ;il
, i = T R e T i e
[0 S % S RO S~ N ! v :
midebide e g T b N Gasy .
. FEE B 1 U S P B . LN 16 1
JU I BN SR * [ - : ; i § o N ~ s m ;
A T e T e L
H shi b - PR S N FE S S ISR
! W.Miu.‘. LT T N R ! | ey
e 5 O N G AU T Vo S -k ? bdoy 73y i
8 I A TR N AR AR b l
S 1 0 O A A AN N EREE b mu,m RS
-y ' » .ll, & * _ ’ : + * + ‘ ' . ..D
U0 S B #lﬁ.‘l» . JEENE S - ﬁ PR vb@a". i R ” Zﬂl.a 3 — M
R Lo Bt _v »..* + - o H H o ’ V'i 1 i * i .ZB” : 4
SRl ut 4 » L» ” b + TH - 1 . _ - M N Mz ‘ ‘
SRS ) 6 (0 0 50 1 5 S S A A 0 A M IRV A
- T R T M
’vx_ g »1 mq - A, T b Stk G okl St w + o s vl -
..m Q.I. e o ,,vx. A tore L 5
M m.uw-. 'rt“ -~ ”. 18 & -4 A et w -l - _
g3 Al ' W
1y RS £ A Ghat au alE St g - e .
Vc %. .v..wm ﬂtﬁrw ‘maa oy - “ TR S ST s
w 3...,.,, q O O R e ey ; .
g ﬂ /am L.ﬂ . . , . ;4,1.,,4 . * N L
Qg BIELN A . Dl
g % i ' . ¥ -
,mmmm: i T e By “
t”_a ,a ”r-._ w .w‘. L,
= d‘.cﬂ .ma ) r,,._ o o
8 w <\ ¢
o388
Mmin|y
138
3¢ .
N L -
F m ] fh,




i
TR |
o

-

IS -

.‘ ﬂpﬁfﬂaix' E P E’ or 9
. TR e nmenrwsaron. 3 axee PR prey IS
[ 1 ! - |
. 1
+ a
v REZE  RITTING COMARAUND .
' BR-227R ' PRIMER ' e
v’ FMEl  ADHESIVE o _*,

WAaY-II L0

yag "
A

N

[ 1:
& |

: f-f; CﬂifE S0 |
4. LMY RN gz
S, a3 AMDD g _. |
L w020 T .
-39 I20- W20 o .
-37 ’zm-zaﬁg )
-35 TS 7940 Y 7
33 | W00 gy,
-3/ - W~
e | awes #EEE | [
R - AR -7~ e, 1 L F
T, 23 ZORE ~300-60R0 %52 dlar MU-CTDE B
L 2B LKV W20:B0E0 R4V TIRY 382 |
ct E=mTY maw .} VT
Y £ 2800 | N S
L 17 OD70420 | ~ p
. -is 02570420 . A
-13 032:70 20 '
T (0206 0120 ﬁ
» -9 [025:6.02 .
T 22 “7 |SAIN _|o6.0420\6m~avV TIAY "Zaa2
q N~ eanr wosmmn smcx e arames wwecwicaron | %% | o (00T
4 ) Pﬂ LIST OF MATERIAL
PRI ST one. B . .&_ . ALMORFACK STRICTURNE SV,
SULED RS Lo o] ey -
“':_-'...'_5 m— g (EDGEW/SE COMPRESSUN}
SOUCHTEISFER W STR- 13 + , B
, — o 0| 2-/1007 7 -]
3 scALE | Jeaxr ) or ’




e = <t T R T e s et e T S T NPT e e o e e e tmem o mwa w1 e e e ch e memaies PR

W, A, Griswold A VE€O corroraTION v, 24620
P, E. Plg'l.ﬁ AEROSPACE STRUCTURES DIVISION N
cueenee ov NASHVILLE, TENNESSEE 37202 esssnr wa. R-1050
e 19 Oct, 1965 NAS 8-}_]-,807 wesee we.  M,A, 5501
APPENDIX F

LOAD CALCULATION FOR DYNAMIC TEST

7247 Rev, 863



R R e b L

i der e e daie st el

Po Lo Pigue

vagranne WV

ire e LIISWOId

weve 18 ‘kt. 1905 .\:\S 8'11807

.Zj [P CcORPORATION

AEROSPACE STRUCTURES DIVISION
NASHVILLE, TENNESSEE 37202

vess we. ] e 3
Appeetaix |
ssccar wo. |- ]()gi}

wessL we, ' 1 CCT()}

STRENGTHENED SUPPORT _

SECTION OF SPECIMEN

HONEYCOMB SANDWICH

iEEL WEIGHTS

~

LING 275 EXQITER

DYMAMIC TEST SETUP

7247 Rev. 8§43



o e Oon Sy B B S8 s ey A A aE e
' .

W. A. Griswold

suErante OV

-C
P L. Pague
CHEORES WV

eve 15 Oct, 1964

J VEEO corroRATION

AEROSPACE STRUCTURES DIVISION
NASHVILLE, TENNESSEE 37202

NAS 8-11807

2 3
Annendix F
k of ¥

acrony ws. D. 1] as0
WOBEL WS, M.A. 5501

PARE B9,

T 135" —

STEEL ..

CORE INSERT CoORE

Weight of Steel Mass

= 3x4x8x.283 = 27,24

The skin will be stressed to 130,000#/in? or 85% of 153,000#/in? (yield)

g = MNumber of Gravities

L = 13,5+ 1.5 = 15"

I = 2x.012x8x2 = ,768 int

c = 2,0

130,000 x .768 ,

S

o2

. 2 x15 x 27.2

|

a = 122.2 x 32.2 = 3940 ft/sec? = 47,200 in/sec?

—— - ae
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r = A =

w = 304

P
fs A

wir = w2(,305) =

P3 _ 122.2 x 27.2(13.5 + 3/2)}
3EI 3 x 16 x 10% x .768

47,200 w2 = 155,000

27.2 x 122.2
8.0 x 4.0

104 #/in

.305 ‘ul.
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HEAT FLOW AND TEMPERATURE RELATIONSHIPS

The following relationships were used in calculating the values reported in

the Thermal Conductivity Test Summary:

1) k= a
1 A(t, - t)/L

2) A Cn q
A(tl - tz)

) ye_28
Aty - t)

4) W+ M (thermopile reading) = LUCHER

k = Thermal conductivity, Btu/hr./sq.ft. deg. Fahr./in.
¢ = Thermal conductance, Btu/hr./sq.ft. deg. Fahr.
q = Time rate of heat flow through area A, Btu per hour.
A = Area normal to heat flow, sq.ft.
L = Length of path of heat flow (thickness of specimen), in.
t, = Temperature of hot air, deg. Fahr.
t, = Temperature of the hot surface, deg. Fahr.
t, = Temperature of the cold surface, deg. Fahr,
tc = Temperature of cold air, deg. Fahr,
= Time rate of electric power input to metering box.

= Heat flow meter coefficient.,

724 v, 8
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The power input to the metering box was corrected by application of the heat

flow meter coefficient, M, to the thermopile reading.

To obtain this coefficient,

the guard‘ box air temperature was adjusted for steady temperatures with the guard
box air first slightly warmer, and then slightly cooler than the metering box

air. Two equations in the form of 4) above were then written, and assuming U

and M to be constants, the equations were solved for M.
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APPENDIX H

JOINT, CLOSE-OUT WEIGIT STUDY

The purpose of this report is to determine that percentage weight of a honeycomb
panel which is attributable to the close-out members. The honeycomb panel is
part of a cylinder and carries compressive axial loads as shown in Figure 1.

The compressive axial loads obtained are from the test data gathered at AVQO/ASD.

Two types;of close-outs are shown in this report. Type 1 is shown in Figure 2,
and is neeessary to transfer axial loads from lower skin to upper skin and vice
versa. Type 2 is shown in Figure 3 and is necessary for transferring loads
around the ciraumference through the welds.

Type 2 clése-wts consist::of strips equal to skin thickness and .5" width, and
are bonded along the length of the panel to the upper and lower skins along both
edges, During assembly, the panels will be welded along the length of the
cylinder., .

The qer in the example used has 16.5' inside radius, and is 11' long; there-
fore, honeycomb panels of approximately 6' along the circumference by 11' lmg
will be built.

For weight". calculation, a honeycomb panel of 6' x 11' is used and assumed to be
flat, Percentage weights of the close-cuts .to the haneycomb panel are determined
and a sumsary of estimated forward skirt is made on page 8.
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Upper and lower

skins carry equal loads

|

/N
1

-Cylinder
length

16:5' Rad,

FIGURE 1,

8.1 - 1/8 - 20P (5052) Core

3.1 - 1/8 - 77 (5052) Core

AN-7-Bolt.
(Typ.)
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FIGURE 3.
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(4 typical strips)

6AL -l
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Cylinder length
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From ‘I‘ests--oo----v---(l?ef. 1)

Ultimate Compressive Axial load = 74200#

Panel Width = 8"

Skin Thickness = .03"

Material - 6AL-4V - Solution treated and aged (room temperature)
Load/Inch Width = 74200/8 = 9275¢#

There are 2 skins,

Load/Skin = 9275/2 = 46381

For design purposes of close-outs, take 47004 per skin.
6AL-4V Properties --=-=----(Ref. 2) '

170,000 psi

Ult. Tensile Stress
Solution treated and aged.

Yield Tensile Stress = 150,000 psi

Ult, Bearing Stress = F, . - e/D = 2 = 244,000 psi

Yield Bearing Stress = Fyry - e/D = 2 = 198,000 psi Annealed.

Shear Stress = 76,000 psi

The loads as shown in Figure 4 are balanced by hoop tension loads at "A" and "B"
and a hoop compression load at "C". |

The moment induced in the core due to the transfer of 4700f axial load from
lower skin to upper skin = 4700 (4 + .03 + .015) = 19,012%.in,

This moment is reacted over 8" length of 8.1#/cu.ft. core,
‘e ‘l'he Force = 19,012/8 = 2376#
.*. Shear in the Core = 2376/4 = 594#/in.

|
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FIGURE 4,
The core is capable of carrying 670#/in----ee--- e=e=(Ref. 1)

oo McSo - 670/594 =] = ]2 ecrecccccccccaces .12

8.1#/cu.ft. demsity core is required 2.0" beyond point A (Figure 4) for trans-
ferring horizontal load in the core to the upper skin.
7/16" dia. - AN-7 bolts are used for transferring 9400# in single shear per inch
around the circumference.

Shear.allowable for the bolt = 10,500# «-e=e--(Ref, 2)

(hecking plate at attachment point.

Bearing area = dia. x thickness.,

| = .4375x .1 = .04375 in?

V2T ... A_AK
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Allowsble bearing load = Fy, x area
= 24,400 x .04375
= 10,6754
.*. Bearing is not critical --c---ce-- S
This is a compression load. Therefore shear tear-out is not critical. However,
in case of load reversal, '
Shear{tear-wt area = 2(.85).1
| - .17 in2
Allowable shear load = 76,000 x .17
- 12,920
.'.Sxéar tear-out is not criticale-cececccccccacccnccece=(.K,
Lower Skin.
94004 are carried at .06" thickness.
fm = 9400/,06 = 156,700 psi
e M.S. = 170,000/156,700 <1 = ,0B-e-=co-- ——mecae ---.08

1.03 Ti /
P 11

338" 3.1#/Cub, Ft, Core

e
3 i t.o3 Ti
| N " ‘ .

FIGURE S.

wase ta__ Bm_Aaf
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Panel weight for a panel 6' x 11' (assume the panel to be flat for weight study.)

Core Volume = 11 x 6 x .33 = 22.0 cu.ft,
." Core weight = 3.1 x 22,0 = 68.2¢
Skin volume = ([(11 x 12)(6 x 12).03]2 = 570.24 cu.in,
.*. Skin We. = .16 x 570.24 = 91.24¢
.°. Total panel weight = 159.44¢
Weight of 6' x 11' panel with close-cuts as shown in Figure 1.
CLOSE=QUT =e-ee=(Fig. 2)
Core Volume = .833(6).33 - (.25 x .25/2)6
= 1.501 cu.ft. |
i, Core Weight = 8.1(1.501) = 12.160
Upper Skin Vol. = 7(72).03 = 15.12 cu.in,
.*. Upper Skin Wti. == .16{15.12) -= :2.42#.i. i,
Lower Skin Vol. = [(.03 x 2)+(.04 x 3)+(.05 x 2)+(.06 x 3)+.1 x .185)]72
= 46,44 ind
.. Lower Skin Wt, = .16(46.44) = 7.43¢
Vol. of Aluminum Edge Member = (1 x .01+4.3 x .01¢,185 x ,01)72
" = 5.15 in3
o*e Wt. of Aluminum Edge Mcuber = .1 x 5.15
= 515 .52
Subtract weight of 7/16" dia. holes
Weight, = "Mumber of holes x vol. x density
; = 66 x .0152 x .16
.= L168

2947 Daw. R.4%
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" Net close-out wt. = 12,16 + 2,42 + 7,43 + .52 - .16 = 22.37#
There are 2 close-outs .*, Total Wt. = 2 x 22.35 = 44,741
CLOSE-QUT’ ====~-== (Fig. 3)
4 edge strips for upper and lower skins --- ,5" wide x .03" x 132" long
Voltme = 4(.5 x .03 x 132) = 7.92 in3

.. Weight = ,16(7.92) = 1.28¢

.*. Total Wt, of all Close-Quts = 4,74 + 1,28 = 46.02¢

Weight ofil-lmeycai) Panel 6' x 9' with 3.1#/ft3 density core.
Core Volume = 6 x 9 x .33 = 18.0 £t
.. Core Weight = 3.1x 18.0 = 55.60
Skin Volume = [(9 x 12)(6 x 12).03]2 = 466 in3
.*. Skin Weight = .16 x 466 = 74.74 ..
.*. Total Weight = 130.3¢
.*. Total Wt. of Panel Including Close-Outs = 130.3 + 46.02 = 176.32¢
.* Meight Attributable to Close-Outs = 176,32 - 159.44 = 16.88¢

e Pér Cent of Close-Out Weight in a Complete Panel as shown in Fig. 1 =
) ' 16.88/176.32 = 9,5% -=eceeeseceeas 9,53

Ciramference = 33 x v = 103,8' 103.8/6 = 17,3 panels
Weight of Complete Skirt Assy = 176.32 x 17,3 = 30484

v
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